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Introduction 
Air  pollution  in  great Cairo  is  a  matter  of 
serious  concern.  It  is  more  than  10  to  100 
folds of acceptable world standards.  1 Ex-
posure to air pollution, ultrafine particles or 
gases is associated with impaired endothe-
lial  function.  2  Moreover,  previous research 
showed  that    tobacco  smoke  is  associated 
with  the  dysfunction  of  endothelial  physiol-
ogy and vascular impairment. 3  
Traffic policemen are at particular risk due 
to  the  nature  of  their  job,  since  they  are 
chronically  exposed  to  air  pollutants  espe-
cially emissions from vehicles.  4 Chronic ex-
posure to fuel emissions in urban air induces 
mild but significant vascular structural altera-
tions  in  clinically  normal  individuals,  pre-
sented  as  coronary  arteriolar  fibrosis  and 
elastosis.  This  might  contribute  to  altered 
vascular response and ischemic events with 
induction  of  several  enzyme  pathways  in-
volved in the formation and development of 
endothelial  damage  and  atherosclerotic 
plaques. 5 
Homocysteine is a highly reactive thiol con-
taining amino-acid derived from conversion 
of  methionine  to  cysteine.  6  Normal  Hcy 
plasma levels range between 5-15 µmol/L. 
7  Prolonged  hyperhomocysteinemia  has 
been shown to exert direct cytotoxic effects 
on vascular endothelial cells.  8 Nitric oxide 
(NO) is released by endothelial cells in re-
sponse to physiological stimulus. These cells 
play an important role in regulating vaso-
motor tone, local homeostatis and vascular 
bed  proliferation.  9  In humans,  NO  is  me-
tabolized  to  nitrate.  Accordingly,  plasma 
nitrate has been proposed as an index of 
the in vivo formation of NO. Nitrite can be  
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available through the reduction of the corre-
sponding nitrates. 10 
Both Hcy and NO are considered from the 
endothelial  functional  parameters.  Recent 
evidence indicates that Hcy unleashes a cas-
cade  of  inflammatory  mediated  mediators 
resulting  in  hyper-adhesive,  prothrombotic, 
elastolytic vascular affection. 11  
Several epidemiological studies showed that 
exposure  to  environmental  pollutants  is 
known to be harmful to health with increased 
cardiovascular and lung diseases. 12 But the 
mechanism linked between them is not fully 
understood. 13 This study is aimed at investi-
gating the effect of air pollution beside the 
potential  effect  of  smoking  on  vascular  in-
flammatory  reactions  determined  by  tHcy 
and nitric acid indicators (nitrite and nitrate) 
serum levels among traffic policemen.  
Study population 
The exposed population were traffic police-
men (n=28) who has worked in Shubra El-
Khaima (Kalioubia Governorate) and  con-
trol  group  (n=20)  was  selected  from  Ash-
moon  (El  Menoufia  Governorate),  Egypt. 
With  normal  lipid  profiles,  all  the  partici-
pants were not known to be hypertensive or 
diabetic. One participant had chest pain but 
his  electrocardiogram  (ECG)  was  normal. 
None of the others complained of any car-
diovascular  problems.  Exposed  and  control 
groups  were  divided  in  two  subgroups; 
smokers (n=18 and n=11) and non-smokers 
(n=10 and n=9).  
Methods  
To collect personal, occupational and medi-
cal  history,  a  standardized  questionnaire 
was  administered.  Smoking  index  (SI)  was 
calculated  as  the  pack  year  (number  of 
packs per day x number of smoking years). 
All the participants undergone complete clini-
cal examination. The exclusion criteria (any 
clinical condition that affect the plasma lev-
els of tHcy or NO) was the presence of hy-
pertension, diabetes or hyperlipidaemia. 
Laboratory investigations 
Blood was collected in metal free polyethyl-
ene tubes. Blood samples were immediately 
placed on ice to prevent artifactual in vitro 
increase in plasma tHcy levels. The samples 
were then, centrifuged at 1600 g at 4°C for 
15  min.  Packed  erythrocytes  and  super-
natant platelet-poor plasma was then sepa-
rated and stored at –80°C until analyzed. 
14  Total  homocysteine  was  measured  by 
fluorescence polarization immunoassay (IMX 
system, Abbot Diagnostics, II, USA). 15 Nitric 
oxide  indicators  (plasma  nitrites  and  ni-
trates) were measured by a method which 
depends on the fact that nitrite and nitrate 
form chromophobe with Griess reagent. Ab-
sorbence  was  measured  at  550  nm  using 
sodium  nitrite  as  standard.  Random  blood 
sugar  and  lipid  profile  (cholesterol  and 
triglyceride) was also measured. 
Environmental measurements 
Nitrogen dioxide measurement 
Air  was  aspirated  (1L/min  for  24hrs) 
through a glass bubbler sampler containing 
50 ml of absorbing solution (4g NaOH and 
2 ml butanol in 1L). The sample was meas-
ured  after  preparations  at  550  nm  in  a 
spectrophotometer.  The  concentration  of 
NO2 was expressed as µg/m3. 
Sulphur dioxide measurement 
Air  was  aspirated  (1L/min  for  24hrs) 
through a glass bubbler sampler containing 
50 ml of absorbing solution (0.1 M sodium 
tetrachloromercurate).  The  sample  was 
measured after preparations at 560 nm in a 
spectrophotometer.  The  concentration  of 
SO2 was expressed as µg/m3. 
Respirable particulate matter-PM2.5 
Membrane filter paper (20 µm in diameter) 
was  used  for  the  collection  of  suspended 
particles . Filter was weighed in the labora-
tory and carefully transported to the field. It 
was  mounted  on  the  filter  holder.  The  air 
was aspirated by vacuum pump with a rate 
of 2L/min and the reading of the gamester 
was  recorded  before  and  after  sampling 
period.  The  membrane  filter  was  weighed 
again after the sampling time (24hrs). The 
difference in weight before and after sam-
pling  was  recorded  as  the  weight  of  sus-
pended  particulate  matter.  The  volume  of 
air was calculated from the gamester read-
ings.  The  concentration  of  suspended  par-
ticulates  was  calculated  and  expressed  in 
µg/m3.  All  laboratory  samples  were  col-
lected in November 2009. 
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Air pollution and homocysteine Variable  Exposed 
n=28 
Control 
n=20 
t  P 
Age (years)  33.5 (6.9)  31.7 (6.0)  0.95  * 
SI (pack-year)  16.6 (17.4)  11.0 (11.6)  1.33  * 
Homocysteine 
(µmol/L) 
18.2 (4.3)   13.9 (3.1)  3.95  <0.05 
Nitrite+nitrate 
(µmol/L) 
22.0 (6.2)  26.7 (5.5)  -2.81  <0.05 
Table 1: Characteristics 
of policemen in exposed 
and control group. 
The data is mentioned as mean (SD). *Not-significant. 
Variable  <10 years 
n=15 
>10 years 
n=13 
t  P 
Age (years)  29.7 (6.4)  37.8 (4.5)  3.90  <0.05 
SI (pack-year)  17.3 (18.3)  15.7 (16.9)  -0.23  * 
Homocysteine 
(µmol/L) 
16.3 (3.3)   20.5 (4.5)  2.53  <0.05 
Nitrite+nitrate 
(µmol/L) 
24.7 (5.7)  18.8 (5.3)  -2.77  <0.05 
The data is mentioned as mean (SD). *Not-significant. 
Table 2: Characteristics 
of exposed policemen 
according to the  
duration of work. 
 
Statistical analysis 
Data  were  compared  using  student  t-test. 
Pearson correlation test  was used to test the 
correlation  between  different  variables 
among  the  exposed  groups.  The  statistical 
significance was defined as p-value < 0.05. 
Computer based Statistical Package for So-
cial  Sciences  (SPSS)  for  window  9.1  was 
used.  
Results 
The study population consisted of 48 partici-
pants. The mean age of the exposed group 
was 33.5 (SD: 6.9) and control group was 
31.7 (SD: 6.0). No difference in SI of both 
groups was found (p=>0.05),  Table  1.  All 
participants were normotensive with normal 
blood  sugar  and  lipid  profile  (two  cases 
were  excluded  from  the  study  because  of 
their high lipid profile, data not shown). The 
plasma Hcy level were significantly high in 
exposed group as compared to the control, 
while there was significant decrease in nitric 
oxide  indicators  plasma  levels  in  exposed 
group  compared  to  that  of  control  group, 
Table 1. 
Cases were subdivided into two subgroups 
according  to  the  duration  of  work.  First 
group worked for less than 10 years (n=15) 
and second group worked for 10 years or 
more  (n=13).  Mean  age  was  significantly 
higher  in  the  group  who  worked  for  10 
years  or  more.  Homocysteine  plasma  level 
was significantly higher in traffic policemen 
who has worked for 10 years or more com-
pared to those who worked for less than 10 
years, respectively. Increase in Hcy level was 
coupled with significant decrease in the nitric 
oxide  indicators  in  the  group  who  worked 
for  10  years  or  more  compared  with  the 
group who worked for less than 10 years, 
Table 2. 
Plasma  tHcy  level  showed  significant  in-
crease in smokers compared to non-smokers, 
respectively  and  significant decrease  in  ni-
trite and nitrate in smokers group compared 
to non-smokers in exposed group, Table 3. 
The same result was found regarding Hcy in 
control group (data not shown).  
Correlation between Hcy and age, duration 
of work, SI and nitrite and nitrate in traffic 
policemen revealed significant negative cor-
relation  (r=-0.40)  for  nitrite  and  nitrate 
while positive significant correlation for SI, 
table  4.  Regarding  age  and  duration  of 
work, there was positive correlation but did 
not  reach  the  significant  level  (r=0.1  and 
0.3). 
Analysis of air samples collected from Shu-
bra  El-Khaima  and  El-Menoufia  revealed 
significant increase in NO2, SO2 and PM2.5 
levels in Shubra El-Khaima. The mean level 
of NO2, SO2 and PM2.5 in Shubra El-Khaima 
was significantly higher as compared to El-
Menoufia. , table 5.  
 
 
 
 
 
 
 
 
Discussion 
Traffic  related  air  pollution  studies  in  the 
developing world are important but expo-
sure assessment data in these area are lim-
ited.  16  Urban  air  contains  diversity  of 
chemical  compounds,  pollutant  gases  and 
dust particles that play an integral role in 
endothelial inflammation and hence, loss of 
its functional integrity as seen in the initiation 
of atherosclerotic changes and cardiovascu-
lar risk factors.  17-20 Moreover air pollution 
may has a role in genotoxicity, chromosomal 
damage, respiratory adverse problems and 
cancer, especially in occupations with heavy 
long  term  chronic  exposure  to  traffic  air 
pollution as in the case of traffic policemen. 
21, 22 
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Participants in the present study was 28 traf-
fic  policemen  selected  from  Shubra  El-
Khaima. This city is characterized by its high 
levels of air pollutants which may be attrib-
uted to heavy traffic, over-crowdedness and 
industrial processes.  
According to the air quality guidelines, the 
limit  for  NO2  and  SO2 are  40  µg/m3  and 
125  µg/m3,  respectively.  The  limit  of  SO2 
was lowered to 20 µg/m3. 23 In the exposed 
group area NO2 and SO2 were significantly 
higher and it was attributed to the adverse 
health  effects  associated  with  much  lower 
levels. Mean 24 hrs limit value for PM2.5 is 
25  µg/m3.  23  Our  environmental  measure-
ments,  even  in  control  area,  exceeded  this 
value.  Indeed,  Egypt  is  characterized  by 
high level of dust particles which is resulted 
from  dry  climate,  windy  conditions  and 
large surrounding desert areas. 1  
There was significant increase in plasma Hcy 
in  traffic  policemen  compared  with  their 
control. These results are in agreement with 
other studies. 24, 25 Previous research showed 
significant  increase  in  tHcy  level  among 
highway  maintenance  workers  than  that  in 
control group (14.5 SD:4.9 vs.12.0 SD:2.8). 
26 Moreover, Suresh et al, found that plasma 
Hcy level was increased in the traffic police-
men.  4 Exhaust particles contain many con-
stituents, some of which are cytotoxic others 
increase oxidative stress. During exposure to 
these  stressor,  the  utilization  of  sulfur-
containing amino-acids such as cysteine and 
methionine are increased. This lead to induc-
tion of homocysteine synthesis pathways. 27 
The current study showed that the tHcy level 
was  significantly  increased  (p<0.05)  with 
increased duration of work. This was in ac-
cordance with Erdogmus et al, who reported 
that there was a relationship between tHcy, 
endothelial  impairment  and  years  of  em-
ployment.  28 On the other hand, correlation 
coefficient  between  tHcy  and  duration  of 
work revealed non-significant positive corre-
lation (p>0.05). This is supported by Memi-
soguallari et al, who attributed this finding 
to  additional  factor  as  smoking  in  young 
age. 29 Moreover, tHcy serum level did not 
significantly correlate with the age (r=0.1) 
of traffic policemen. This can be explained 
by other confounders which may affect tHcy 
level as smoking, duration of exposure to air 
pollutant and concentration of these pollut-
ants. Abe Camasmi, et al, found similar re-
sults in their experimental study. 30 However, 
Baccarelli et al,  31 and Park et al,  24 who 
studied plasma Hcy in relation to air pollu-
tion,  mentioned  that  there  was  significant 
positive correlation between tHcy and age. 
Tobacco smoking is one of the strongest risk 
factors  for  endothelial  physiological  dys-
function and vascular impairment. 3 Previous 
studies indicated that smoking is associated 
with increased plasma tHcy level which en-
hance endothelial dysfunction. 32, 33 This is in 
accordance  with  our  results  which  showed 
significant  increase  in  tHcy  plasma  level 
among smokers traffic policemen compared  
to non-smokers. Smoking index in our popu-
lation is significantly correlated with Hcy le- 
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Variable  Smokers 
n=18 
Non-
Smokers 
n=10 
t  P 
Age (yrs)  34.9 (7.3)  30.9 (5.3)  1.67  * 
Duration (yrs)  10.1 (4.5)  9.7 (4.8)  0.22  * 
Homocysteine 
(µmol/L) 
19.3 (4.6)   15.9 (2.8)  2.8  <0.05 
Nitrite+nitrate 
(µmol/L) 
20.4 (7.0)  24.8 (3.2)  -2.26  <0.05 
Table 3: Characteristics 
of exposed policemen 
according to smoking 
The data is mentioned as mean (SD). *Not-significant. 
Variable  r  P 
Age   0.15  * 
Duration of work 
(years) 
0.31  * 
SI (pack-year)  0.40  <0.05 
Nitrite+Nitrate 
(µmol/L) 
-0.40  <0.05 
Table 4: Correlation 
between Hcy and age, 
duration of work, SI and 
nitrate+nitrite 
Variable  Ashmoon El-
Menoufia 
Shubra El-
Khaima 
t  P 
NO2 (µg/m
3)  26.2 (12.0)  69.0 (9.4)  5.61  <0.05 
SO2 (µg/m
3)  68.7 (17.5)  185.7 (5.2)  12.8  <0.05 
PM2.5  146.75 (32.1)  350.7 (42.2)  7.7  <0.05 
Table 5: Environmental 
data in exposed and 
control area 
Air pollution and homocysteine 
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vel  (r=0.40).  Previous  research  revealed  
high  tHcy  levels  in  smoker  workers  in  pol-
luted area compared to non-smokers  3, 31, 34  
and  hence,  support  our  finding.  Several 
mechanisms have been suggested to account 
for the smoking related increase in tHcy in-
cluding changes in plasma thiol redox status 
due to higher formation of reactive oxygen 
species or inactivation of Hcy remethylation 
enzymes as methionine synthase.   35, 36 Thus, 
smoking amplifies the effect of air pollutants 
and dust particles on Hcy metabolism. 37 
High Hcy plasma level affects the endotheli-
lium by acting as a corrosive of long living 
proteins as collagen, elastin or life long pro-
teins as fibrilin. Hcy permanently degrades 
cysteine disulfide bridges and lysine amino-
acid residue in those proteins of endothelium 
so increasing vascular risks. 38 On evaluating 
the medical history taken from traffic police-
men,  there was no complaint suggestive of 
cardiovascular  affection  e.g.  chest  pain, 
dyspnea, syncopal attach, intermitted cluadi-
cation  (with  exception  of  only  one  partici-
pant who complained of chest pain and his 
ECG  was  normal).  Hyperhomocysteinemia 
(HHC) have been reported in asymptomatic 
Asian  Indian  men.  39  Also  de  Jong  et  al, 
found a high prevalence of HHC and asymp-
tomatic vascular disease in siblings of young 
patients  with  vascular  (mainly  peripheral 
arterial)  disease  and  HHC.  40 On the other 
hand, some studies have demonstrated that 
high plasma tHcy is an independent risk fac-
tor for vascular diseases. 41 
Nitric oxide is an important component in the 
endothelial  defense  mechanisms.  It  inhibits 
inflammation,  vascular  smooth  muscle  cell 
proliferation and promotes vasodilatation. 17, 
42 Nitrite and nitrate (indicators of nitric ox-
ide)  plasma  levels  in  our  exposed  group 
were  significantly  decreased  as  compared 
with  their  control.  This  goes  in  accordance 
with the result of O’Neil et al.  25 Delfino et 
al, reported that traffic related air pollution 
is associated with increased oxidative stress, 
decreased  level  of  antioxidants  and  nitric 
oxide.  43  This  imbalance  in  the  oxidant/
antioxidant system may lead to endothelial 
damage in exposed subjects. 4 
Regarding the duration of work, there was 
significant  decrease  in  plasma  nitrite  and 
nitrate levels in traffic policemen with longer 
duration  of  work  (>10  years)  than  those 
with shorter duration. This can be explained 
by the prolonged exposure to air pollutants 
especially PM2.5 and SO2. They altered ex-
pression of endothelial nitric oxide synthase 
due to lack of its substrate L-Arginine and 
alteration  of  enzymatic  signals.  Also  PM2.5  
accelerates NO destruction by generation of 
reactive  oxygen  species.  So  they  play  an 
important  role  in  decline  of  nitric  oxide 
bioavailability. 44 
On studying the effect of smoking on nitric 
oxide,  significant  decrease  in  nitrite  and 
nitrate  level  was  detected  among  smoker 
traffic policemen compared to non smokers. 
This  finding  was  also  detected  among  the 
control group but it did not reach the signifi-
cant level  (data not presented).  It goes in 
accordance with Zhang et al, who found that 
cigarette  smoke  extract  significantly  re-
duced NO production by endothelial cells. 45 
A significant negative correlation was found 
between Hcy and nitric oxide indicators in 
traffic policemen (r=-0.40, p<0.05). This is 
supported by Rocchi et al, who studied anti– 
and  pro-oxidant  factors  and  endothelial 
dysfunction in chronic cigarette smokers with 
coronary heart disease and found that the 
values  of  tHcy  were  significantly  and  in-
versely related to NO serum levels (r=-0.5, 
p<0.001.  46  This  correlation  can  be  ex-
plained by the fact that excess Hcy impairs 
nitric oxide synthase pathway in addition to 
interacting  with  nitric  oxide  to  form  the 
vasodilative  adduct  S-nitrosohomocysteine 
and the consequent exhausation of the en-
dothelial cell capability to produce relevant 
amount of nitric oxide. 47 On the other hand, 
Folin et al, investigated the association be-
tween  serum  NO  and  Hcy  levels  in  Alz-
heimer dementia patient and reported sig-
nificantly  high  plasma  levels  of  Hcy  while 
plasma  NO  levels  were  not  significantly 
different. 47  
Air  pollution  exposure  induces  short  term 
inflammatory  changes  that  may  determine 
hyperhomocysteinaemia  particularly  in  the 
presence  of  pre-existing  pro-inflammatory 
status as that found in cigarette smokers.  13  
However,  Allen  et  al,  did  not  support  the 
hypothesis  of  the  association  between  air 
pollution and chronic systemic inflammation 
which led later to cardiovascular affection. 
42 
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Conclusion and recommendations 
The study showed that traffic policemen had 
significant increase in Hcy plasma level asso-
ciated with significant reduction in nitric ox-
ide indicators compared to their control. This 
is more obvious in the smokers. Accordingly, 
it may rise the possibility of vascular morbid-
ity.  The  present  study  may  confirm  other 
studies  which  support  the  association  be-
tween  air  pollution  and  inflammatory 
changes  (determined  by  hyperhomocystein-
aemia  and  reduction  in  nitric  oxide  level). 
However, further studies on wider scale are 
needed. 
The study raise the attention to the impor-
tance  of  periodic  biological  monitoring  for 
traffic policemen including Hcy plasma level 
as an indicators for the susceptibility to ad-
verse cardiovascular effects. 
Control measures for air pollution including 
usage of gasoline with reduced sulphur con-
tents,  expanding  fuel  stations  for  natural 
gas,  increasing  green  areas  and  transfer 
factories away from the residential area are 
highly recommended. 
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